Living kidney donors face the risk of renal dysfunction, resulting in end-stage renal disease, cardiovascular disease, or cerebrovascular disease, after donor nephrectomy. Reducing this risk is important to increasing survival of living donors. In this study, we investigated the effect of preoperative distribution of abdominal adipose tissue and nutritional status on postoperative renal function in living donors.
Background
Kidney transplantation is the most successful treatment for end-stage renal disease (ESRD), resulting in improved survival and quality of life. The shortage of donor kidneys is a serious problem in this field [1] . In Japan, the Organ Transplantation Law was revised in 2010. Organ donation is now permitted, with family members' consent, even if an individual's intention is unknown, and organ donation by brain-dead donors below 15 years of age is also allowed. Despite this revision of organ donation constraints, the number of deceased donor kidney transplantations has not increased. Hence, approximately 85% of donor organs for kidney transplantation are acquired from living donors, and conditions for living donor kidney donation have been expanded to include not only human leukocyte antigen matching and ABO blood type compatibility, but also donor medical status. The fundamental principle of living kidney donation is to ensure donor safety during the perioperative and postoperative periods.
Living donor nephrectomy itself is associated with some mortality. Perioperative complications occur in approximately 15% of donors. Major complications include bleeding requiring blood transfusion, pulmonary thrombosis requiring transient mechanical ventilation, acute kidney injury requiring transient renal replacement therapy, pulmonary complications, gastrointestinal complications, femoral nerve compression, and wound abnormality. Reportedly, 5-, 10-, 20-, and 30-year survival rates of living kidney donors are 98%, 95%, 86%, and 66%, respectively. The main causes of death after living donor nephrectomy are malignancy, cerebrovascular disease, and cardiovascular disease. Death caused by chronic renal failure was sometimes observed [2] [3] [4] [5] [6] . On the other hand, some studies found that mortality and the cause of death of living kidney donors were similar to those in the age-matched general population [7, 8] . However, the prevalence of microalbuminuria, resulting in renal impairment, and hypertension was increased after donor nephrectomy. In addition, some donors became either overweight or obese and sometimes developed diabetes. Thus, long-term follow-up of kidney donors is very important [8, 9] .
Another factor important for improving donor outcomes after donor nephrectomy is preoperative management of conditions such as obesity and hypertension. Obesity is an independent risk factor for the development of chronic kidney disease (CKD) and ESRD and is also associated with hypertension [10, 11] . Given the increasing prevalence of obesity, living donors are likely to become obese and develop CKD related to obesity [12] . This emphasizes the crucial role of preoperative management of living donors, which could help maintain the renal function after donor nephrectomy, resulting in good prognosis. Although body mass index (BMI) is generally used to detect obesity, it does not reflect the distribution of abdominal adipose tissue, which has been linked to risk of microalbuminuria, renal dysfunction, and cardiovascular disease by some recent reports [13] [14] [15] [16] [17] . Although the Japanese living donor guideline for kidney transplantation states that a BMI less than 30 is appropriate for donors, it does not provide any recommendations with respect to the distribution of abdominal adipose tissue [18] . Therefore, we evaluated the association between living donor postoperative renal function and distribution of abdominal adipose tissue. In addition, we evaluated preoperative nutritional status of living donors by using 2 nutrition indices: the PNI and the Controlling Nutritional Status (CONUT) score. PNI has been proposed for assessing perioperative nutritional status, postoperative complications, and survival of patients with colorectal cancer, whereas CONUT score is also an independent prognostic factor for colorectal cancer [19, 20] .
The aim of the present study was to evaluate the effects of preoperative distribution of abdominal adipose tissue and nutritional status on renal function of living donors after donor nephrectomy. Realization of the importance of preoperative management in addition to postoperative long-term follow-up could lead to better outcomes in living donors after renal transplantation.
Material and Methods
Patient selection and study design Figure 1 shows a scheme of the present study. We extracted data on 94 living donors for renal transplantation. They underwent donor nephrectomy at our institution between January 2008 and May 2016. The inclusion criteria were as follows: donor nephrectomy was performed at our institution, preoperative abdominal-to-pelvic unenhanced computed tomography (CT) was performed at our institution, and the follow-up period was at least 12 months. We excluded 19 patients who underwent only MRI as a preoperative imaging modality or underwent CT at another institution. Finally, 75 patients were enrolled in this study, and their clinical information was reviewed retrospectively. These 75 patients were divided into 2 groups according to abdominal visceral adipose tissue (VAT) area at the level of the fourth and fifth lumbar vertebrae (L4-L5; VAT area <80 cm 2 : n=38 vs. VAT area ³80 cm 2 : n=37). We compared renal function 12 months after donor nephrectomy in these 2 groups, and a second comparison was performed at 24 months in patients who were followed for at least that long. In addition, prognostic factors for development of CKD G3b 12 months after donor nephrectomy were investigated. The protocol for this research project was approved by the Institutional Review Board for Clinical Studies (Medical Ethics Committee ID: NMU-1605), which waived the requirement for informed patient consent because of the retrospective nature of the analysis. Age for men with a serum creatinine level >0.9 mg/dL [21] . The stage of CKD was classified according to the Kidney Disease: Improving Global Outcomes (KDIGO) guideline published in 2012: CKD G1, ³90; CKD G2, 60-89.9; CKD G3a, 45-59.9; CKD G3b, 30-44.9; CKD G4, 15-29.9; CKD G5, <15 mL/min/1.73 m 2 [22] .
Measurement of abdominal adipose tissue parameters by CT
Unenhanced CT images obtained during preoperative screening or examination of vascular structure were analyzed using the Volume Analyzer SYNAPSE VINCENT image analysis system (Fujifilm Medical, Tokyo, Japan) to quantify abdominal adipose tissue area and volume. The following measurements were obtained for analysis: VAT area at the level of L4-L5 (cm 
Nutrition index
Preoperative nutritional status was examined, and its effect on postoperative renal function was investigated. PNI and CONUT scores were used as markers of nutritional status in this study. PNI was calculated using the following formula: 10×serum albumin (g/dL)+0.005×total lymphocyte count (per mm 3 ), and CONUT score was determined from serum albumin level, peripheral lymphocyte count, and total cholesterol level ( Table 1) . PNI and CONUT score were calculated using baseline blood data obtained preoperatively.
Statistical analysis
Statistical analyses were performed and figures were plotted using GraphPad Prism 5.0 (GraphPad Software, San Diego, CA, USA). Data are represented using bar charts or box plots, and the t test or the Mann-Whitney U-test was applied for statistical analysis, as appropriate. The interrelationship between VAT area at L4-5 and the other parameters of abdominal adipose tissue or nutrition indices was examined using Spearman's correlation. To identify prognostic factors for the development of CKD G3b 12 months after donor nephrectomy, univariate and multivariate analyses were performed via logistic regression analysis using IBM SPSS, version 21 (SPSS Inc., Chicago, IL, USA). The cutoff value for development of CKD G3b 12 months after donor nephrectomy was determined by receiver operating characteristics (ROC) curve analysis. Two-sided tests were used in all cases. A P-value <0.05 was considered to indicate a statistically significant difference in all analyses. (IQR, 1798.4-4817.7), respectively, with significant differences between donors with a VAT area at L4-5 <80 and ³80 (P<0.0001, P=0.0004, P<0.0001, and P=0.0010, respectively). Although preoperative serum creatinine level was significantly higher in donors with a VAT area at L4-5 ³80 than in donors with a VAT area at L4-5 <80 (P=0.0069), there was no significant difference between these 2 groups in median preoperative eGFR (81.9 mL/min/1.73 m 2 ). Donors with a preoperative urinary protein level exceeding 30 mg/dL were not present in this cohort. There were no donors with CKD G4 and G5 throughout the follow-up period. There were significantly more donors with hypertension among those with a VAT area at L4-5 ³80 than among those with a VAT area at L4-5 <80 (P=0.036). With regard to nutritional status, the median preoperative PNI and CONUT scores in this cohort were 53.0 (IQR, 51.0-55.5) and 0 (IQR, 0-2), respectively, with no significant differences between the 2 groups. As expected, there were no donors with malnutrition preoperatively. The median operative time in this cohort was 247 min (IQR, 156-498), and there was a significant difference between the 2 groups (P=0.011). Donors with a VAT area at L4-5 ³80 needed a longer operation than donors with a VAT area at L4-5 <80. There were no cases with blood loss requiring transfusion and major perioperative complications greater than grade 2 of the Clavien classification. During the follow-up period, there were no new-onset cases of hypertension or diabetes, and no progression was observed in the 2 cases with preoperative diabetes.
Results

Patient characteristics
Chronological changes of the renal function after donor nephrectomy
Preoperative eGFR tended to be lower in donors with a VAT area at L4-5 ³80 than in those with a VAT area at L4-5 <80, but the difference did not reach the level of statistical significance ( Figure 3A ; P=0.092). In contrast, eGFR of donors with a VAT area at L4-5 ³80 preoperatively was significantly lower at the time of discharge, as well as at 3 and 12 months after donor nephrectomy, than that of donors with a VAT area at L4-5 <80 ( Figure 3B ; P=0.0096, Figure 3C ; P=0.046, and Figure 3D ; P=0.029, respectively). These results suggest that preoperative VAT area at L4-5 can predict renal function 12 months after donor nephrectomy. We evaluated renal function 24 months after donor nephrectomy in 53 donors who were observed for 24 months (Figure 1 ; VAT area at L4-5 <80: n=27, VAT area at L4-5 ³80: n=26). eGFR of donors with a VAT area at L4-5 ³80 preoperatively significantly decreased 24 months after donor nephrectomy compared to that of donors with a VAT area at L4-5 <80 ( Figure 3E ; P=0.032). Although postoperative renal function was significantly lower than preoperative renal function in both groups, there were no significant differences in postoperative renal function at any time point in either group ( Figure 3F, 3G) . A slight improvement in postoperative renal function from 3 months after donor nephrectomy was observed in both groups (VAT area at L4-5 <80; P=0.89, VAT area at L4-5 ³80; P=0.32, respectively).
The association of VAT area with other abdominal adipose tissue parameters and nutrition indices
We evaluated the correlation between VAT area at L4-5 and other abdominal adipose tissue parameters and nutrition indices. VAT area at L4-5 was significantly correlated with SAT area at L4-5, TAVAT volume, and TASAT volume ( Figure 4A ; P<0.0001, Figure 4B ; P<0.0001, Figure 4C ; P<0.0001, respectively). These results suggest that abdominal VAT area is closely related to abdominal SAT area, and VAT area at L4-5 could be a surrogate marker for TAVAT volume and TASAT volume. VAT area at L4-5 was also significantly correlated with BMI ( Figure 4D ; P<0.0001). Thus, VAT area at L4-5 could also be a surrogate marker for BMI. In contrast, VAT area at L4-5 was not correlated with PNI and CONUT scores ( Figure 4E ; P=0.46, Figure 4F ; P=0.064, respectively).
Sex difference in the distribution of abdominal adipose tissue and renal function
We evaluated the difference of the abdominal adipose tissue between males and females. VAT area at L4-5 and TAVAT volume tended to increase in males compared with females but the difference did not reach to statistical significance ( Figure 5A ; P=0.068, Figure 5C ; P=0.085, respectively). On the other hand, SAT area at L4-5 and TASAT volume were significantly increased in females compared with males ( Figure 5B ; P=0.0011, Figure  5D ; P=0.0001, respectively). With regard to renal function, there were no significant differences in preoperative renal function between donors with a VAT area at L4-5 <80 and those with a VAT area at L4-5 ³80 in both males and females. In males, postoperative renal function of donors with a VAT area at L4-5 ³80 significantly decreased compared with that of donors with a VAT area at L4-5 <80 at 24 months after donor nephrectomy ( Figure 5E ; P=0.045). In females, postoperative renal function of donors with a VAT area at L4-5 ³80 also significantly decreased compared with that of donors with a VAT area at L4-5 <80 at discharge, 3, 12, and 24 months after donor nephrectomy ( Figure 5F ; P=0.043, P=0.046, P=0.037, and P=0.048, respectively). Although postoperative renal function was affected by preoperative VAT area at L4-5 in both males and females, postrenal function in females was strongly affected by VAT. There was no significant difference in preoperative renal function between donors with a VAT area at L4-5 ³80 and <80 (A). Postoperative renal function was significantly lower in donors with a VAT area at L4-5 ³80 than in those with a VAT area <80 at discharge (B) and 3 months (C), 12 months (D), and 24 months (E) after donor nephrectomy. Chronological changes in renal function were evaluated in donors with a VAT area at L4-5 <80 (F) and ³80 (G). Neither group showed a significant improvement of renal function.
Univariate and multivariate analysis of prognostic factors for the development of CKD G3b 12 months after donor nephrectomy
To explore the prognostic impact of preoperative VAT area at L4-5 on renal function, we performed univariate analysis followed by multivariate analysis (Table 3 ). An event was defined as development of CKD G3b 12 months after donor nephrectomy, and TAVAT volume and TASAT volume were omitted from the candidate factors because these 2 factors were closely correlated with VAT area at L4-5, as described above. tended to increase in a VAT area at L4-5 (A), but female donors significantly increased in a SAT area at L4-5 (B). Similar to the relationship between VAT and SAT area, male donors tended to increase in TAVAT volume (C) and female donors significantly increased in TASAT volume (D). With regard to renal function, postrenal function in male donors with a VAT area at L4-5 ³80 was significantly decreased at 12 months compared with male donors with a VAT area at L4-5 <80 (E) and postrenal function in female donors with a VAT area at L4-5 ³80 was significantly decreased at discharge, 3, 12, and 24 months compared with female donors with a VAT area at L4-5 <80 (F). Table 3 . Logistic regression analysis of prognostic factors for the development of CKD G3b 12 months after donor nephrectomy.
OR -odds ratio; CI -confidence interval; BMI -body mass index; VAT -visceral adipose tissue; SAT -subcutaneous adipose tissue; eGFR -estimate glomerular filtration rate; PNI -prognostic nutritional index; CONUT -controlling nutritional status; Logistic regression analysis. Figure 6 . Comparison of renal function at 12 months according to risk classification. Postoperative renal function of donors with a VAT area at L4-5 ³80 and a PNI <54 was significantly lower than that of donors with a VAT area at L4-5 <80 and a PNI ³54, a VAT area at L4-5 ³80 and a PNI ³54, and a VAT area at L4-5 <80 and a PNI ³54 (A). In donors with a preoperative eGFR ³80, postoperative renal function of those with a VAT area at L4-5 ³80 and a PNI <54 was significantly lower than postoperative renal function of those with a VAT area at L4-5 <80 and a PNI ³54 (B). The same result was observed in donors with a preoperative eGFR <80 (C). The multivariate analysis also revealed that a VAT area at L4-5 ³80 was an independent negative prognostic factor (OR=3.8, 95%CI=1.2-11.6; P=0.021). In addition, a preoperative eGFR ³80 and PNI ³54 were independent positive prognostic factors (OR=0.2, 95%CI=0.08-0.7; P=0.011; OR=0.3, 95%CI=0.08-0.8; P=0.025, respectively). The postoperative eGFR of donors with a VAT area at L4-5 ³80 and PNI <54 was significantly lower than those of donors with a VAT area at L4-5 <80 and/or PNI ³54, suggesting that it is important to achieve at least a VAT area at L4-5 <80 or a PNI ³54 preoperatively ( Figure 6A ). In subgroup analysis, postoperative eGFR of donors with a VAT area at L4-5 ³80 and a PNI <54 was also significantly lower than that of donors with a VAT area at L4-5 <80 and/or a PNI ≥54 in subgroups with both preoperative eGFR ³80 and <80 ( Figure 6B, 6C) .
Discussion
The present study shows that preoperative VAT area at L4-5 and PNI can predict postoperative renal function and may be prognostic factors for CKD G3b at 12 months after donor nephrectomy. Preoperative VAT area at L4-5 correlates with other abdominal adipose tissue parameters, such as SAT area at L4-5, TAVAT volume, and TASAT volume. Preoperative VAT area at L4-5 also correlates with BMI, and donors with a preoperative VAT area at L4-5 ³80 tend to have a high BMI. Although BMI is generally recognized as the marker for obesity, VAT area at L4-5 can also be a surrogate marker for obesity. In the present study, VAT area at L4-5 was a stronger prognostic marker for postoperative renal function than BMI. In addition, donors with preoperative hypertension tended to have a VAT area at L4-5 ≥80, suggesting that obesity is a risk factor for hypertension. Excessive abdominal adipose tissue makes it difficult to perform donor nephrectomy, resulting in a long operative time.
Calculating from the approximate curve of the association between VAT area at L4-5 and BMI, VAT >80 means BMI >23. Body mass is composed of various elements, including fat, muscle, bone, visceral tissues, and water. We speculate that visceral adipose tissue itself has a role in damaging residual kidney function. Therefore, we should pay attention not only to BMI, but also to visceral adipose tissue when performing donor selection.
It is well known that obesity, which is a factor of metabolic syndrome, is closely correlated with hypertension, diabetes, and glomerular hyperfiltration, resulting in the development of CKD. VAT plays a key role in the development of these diseases [10] [11] [12] 23] . Although BMI is commonly used to assess the degree of obesity, Rankinen et al. provided evidence indicating that prediction of distribution of abdominal adipose tissue based on BMI is inaccurate [13] . In the present study, we measured various adipose tissue parameters using the Volume Analyzer SYNAPSE VINCENT image analysis system and investigated their associations with postoperative renal function. The adipose tissue parameters were obtained from preoperative CT scans acquired during screening or examination of vascular structure, without additional inconvenience to the patient. Preoperative renal function tended to be lower in donors with a VAT area at L4-5 ³80, but the difference did not reach the level of statistical significance. After donor nephrectomy, renal function of donors with a VAT area at L4-5 ³80 was significantly lower than that of donors with a VAT area at L4-5 <80, and this difference remained significant for at least 2 years. In addition, although postrenal function of female donors with a VAT area at L4-5 ³80 was significantly lower than that of female donors with a VAT area at L4-5 <80, the difference did not persist over time. On the other hand, renal function of male donors with a VAT area at L4-5 ³80 was gradually decreased and a significant difference was observed at 24 months after donor nephrectomy. This result suggests that preoperative VAT area could be a prognostic factor for postoperative renal function. This association may reflect a direct effect, since VAT, which is not resected, with an exception of the flank pad, during donor nephrectomy, may influence the remaining contralateral residual kidney via inflammatory cytokines and adipokines such as interleukin (IL)-6, tumor necrosis factor alpha (TNF-a), leptin, and adiponectin or via insulin resistance [24, 25] . Males tended to increase in abdominal visceral adipose tissue and this may strongly affect the long-term difference in renal function. Importantly, our results revealed that VAT area could potentially be a better prognostic factor for CKD than BMI. Thus, medical personnel involved in renal transplantation should educate donors regarding the importance of preoperative diet or exercise aimed at reducing VAT in addition to BMI. This could lead to an improvement in donor's renal function postoperatively, resulting in a better prognosis.
With regard to nutritional status, this study suggests that PNI could be a predictor of postoperative renal function. Originally, PNI was proposed as an index to determine the feasibility of resection and anastomosis of the gastrointestinal tract. This procedure is considered safe in patients with a PNI of 45 or more, can be risky in patients with a PNI of 40-45, and is contraindicated to patients with a PNI <40. In addition, PNI could be a prognostic factor of survival in cancer [19, 24, 26] . Generally, living donors are healthy and have good nutritional status. The lowest PNI of 45 and the highest CONUT score of 2 in this study reflect this fact. Our results suggest that a better nutritional status, which corresponds to a higher PNI, has a positive effect on postoperative renal function. Since PNI was calculated based on serum albumin concentration and peripheral blood lymphocyte count, it also reflects the immune status [19] . Although the current study does not provide an exact mechanism, a high concentration of serum albumin could suppress the action of cytokines or adipokines, allowing the immune systems to maintain healthy homeostasis. There was no correlation between PNI and abdominal adipose tissue parameters in this study. It is therefore likely that a good preoperative immune status leads to an acceptable renal function after donor nephrectomy. A good immune status might play an important role in protecting residual renal function through suppression of adipocytes or other immune-related cells, which negatively impact renal function at high concentrations.
This study identified VAT area at L4-5 and PNI as new predictors of postoperative renal function in living donors. Although these 2 factors are not correlated with each other, postoperative renal function of donors with a VAT area at L4-5 <80 and PNI ³54 tended to be better than that of donors with a VAT area at L4-5 <80 alone or PNI ³54 alone. Obesity in living donors results in a high risk of hypertension development and reduction of eGFR after donor nephrectomy [27] . Generally, individuals with a BMI >30 are rare in Japan. Thus, VAT area could be a new surrogate marker of obesity in Japan, and, more broadly, in Asia. Obesity and poor nutritional status could be a consequence of eating habits, and donors tend to maintain their eating habits after the surgery [28] . This emphasizes the need to establish and promote population-specific nutritional regimens after donor nephrectomy to improve renal protection in living donors. Moreover, a specific physical activity regimen consisting of moderate-intensity exercise, which is easy to use both preoperatively and postoperatively, should also be established for living donors. These recommendations, if implemented, could improve prognosis through protection of renal function and suppression of cardiovascular and cerebrovascular diseases in living donors.
This study has some limitations. The patient data were obtained from a single institution, and the sample size was small. The study had a retrospective design, resulting in potential selection bias, and the follow-up period was relatively short. The optimal cutoffs need to be validated using an independent multiinstitutional sample to establish a novel risk assessment tool specific to living donors. In addition, some experiments, including evaluation of cytokines/adipokines levels, are needed in order to elucidate the scientific basis of these results.
Conclusions
We reveal that preoperative distribution of abdominal adipose tissue and nutritional status could be predictors of postoperative renal function in living donors. Therefore, management of preoperative VAT and nutritional status could lead to better outcomes in living donors. Further research is needed to develop appropriate exercise protocols and nutritional interventions to improve the prognosis of living, originally healthy donors.
